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The most common cause of failure of total hip arthroplasty is aseptic loosening of the implant 52 due predominantly to adverse tissue responses to prostheses wear particles (Luo et al., 2005) . 53 Host response to a prosthesis or prosthetic debris results in the formation of a fibrous 54 synovial-like membrane surrounding the prosthesis (Wang et al., 1996) . It is believed that 55 mononuclear phagocytic cells in the pseudomembrane surrounding the implant phagocytose 56 wear particles and become activated. This activation results in the release of pro-57 inflammatory cytokines, such as IL-6 and TNF-, and inflammatory mediators, such as 58 PGE 2 , which stimulate osteoclastic bone resorption (Ingham et al., 2000) . T lymphocytes also play a prominent role in cell mediated type IV hypersensitivity reactions 68 sustaining the chronic inflammatory response. Cell-mediated type-IV hypersensitivity 69 reactions are characterised in vivo by vasculitis with perivascular and intramural lymphocytic 70 infiltration of the postcapillary venules, swelling of the vascular endothelium, recurrent 71 localised bleeding, and necrosis which has been reported following MoM hip replacements 72 (Willert et al., 2005 In the present study, the effects of CoCr alloy wear debris and Co ions on primary human 97 lymphocytes were explored in terms of viability, proliferation, cytokine production, and 98 apoptosis. Release of Co and Cr ions from the CoCr debris was measured at physiological pH 99 of 7.4, and at the pH estimated to exist in inflammatory conditions (Mansson et al., 1990 Cytokine levels were determined by collecting the supernatants from cell cultures at 24 and 178 120h following exposure to the treatments. The concentrations of tumor necrosis factor-alpha 179 (TNF-), interferon-(IFN ), interleukin-2 (IL-2), and interleukin-6 (IL-6) in the culture 180 media were determined from aliquots of cell-free isolates using Ready-Set-Go! ELISA kits 181 (eBioscience; Hatfield, UK) in accordance with the manufacturer's instructions. Each of the 182 kits had a sensitivity level of 4pg/ml, and linear standard curves were generated between 0-183 500pg/ml for TNF and IFN , 0-250pg/ml for IL-2, and 0-200pg/ml for IL-6. . At 48h, there is an initial decrease in cell 237 proliferation followed by an increase by 120h of treatment (Figure 3 ). These results suggest 238 an activation response of the cells to both debris and ions, where the cells overcome the 239 initial growth arrest effect. 240 241
To determine the effects of metal ions on cell damage leading to apoptosis, flow cytometry 242
following Annexin V and 7-AAD staining at 24 and 48h of exposure was performed. To 243 avoid cytotoxic effects and the growth arrest effect observed after exposure to 5mg, a lower 244 debris concentration (2.5mg metal debris/1x10 6 cells) was used for apoptosis analysis in 245 order to facilitate the detection of the process at early stages (to measure both early apoptosis 246 and detect any repair). Apoptosis was not observed within 24h of exposure, but was evident 247 after 48h (Figure 5) (Macintyre 297 and Rathmell). In this investigation, high concentrations of metal debris caused an increase in 298 cell number despite the initial decrease in cell proliferation suggesting that the particles may 299 exert a cell activation effect. It is proposed that this took place during the first 48h of 300 treatment reflected by the initial lower proliferation rates (24-48h) followed by the rapid 301 growth and division seen by 120h. In addition to this, a significant decrease in IL-2 302 production was observed after 24h of exposure to all the treatments. Since IL-2 is an 303 important molecule for lymphocyte activation and proliferation, its diminished production 304 could have contributed to the decrease in proliferation observed at 48h. 305 306
A state of reduced function in which a viable, antigen-specific T cell is unable to respond to 307 an immunogenic stimulus has been referred to as anergy (Zheng et al., 2008) . Anergy can be 308 induced under a number of circumstances that can be categorised as resulting from either a 309 normal antigenic stimulus received in the absence of co-stimulation or from an altered and/or 310 chronic T-cell receptor stimulus (Wells, 2009) . To the authors' knowledge, anergy has not 311 been described as part of the biological reaction to metal debris and ions, and most studies 312 report implant-related hypersensitivity reactions, in particular type-IV delayed-type 313 hypersensitivity mediated by T lymphocytes. Nevertheless, results from this investigation 314 suggest that there may be an anergy-like response to high concentrations of metal debris. The 315 significant decrease in IL-2 production and proliferation observed here are hallmarks of T-316 cell anergy (Chappert and Schwartz, 2010; Kuklina, 2013 metal ions present, they may also be cytotoxic and suppressive. It has been shown that 327 production of TNF and IL-6 by human peripheral blood mononuclear cells exposed to Cr (1, 328 5, and 10µM) significantly decreases (Villanueva et al., 2000) . In the current investigation, 329 inhibition of cytokine production was observed in the presence of metal particles. IFN , 330 TNF , and IL-6 levels did not seem to be affected by Co ions alone, whereas IL-2 levels were 331 decreased. Although the effects of Cr may be related to the regulation of TNF and IL-6, IL-332 2 production is more likely to be modulated by Co. Additionally, high concentrations (5mg 333 debris/1x10 6 cells) of metal debris were not cytotoxic to primary lymphocytes. However, a 334 marked increase in apoptosis was observed at a lower dose (2.5mg debris/1x10 6 cells). 
